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We generalize the notion of the Franhoufer diffraction of temporal coherent light from a single slit to the case of arbitrary 
N-slits. New (a general) numerical method is developed for simulation of diffraction pattern of gratings which is also 
used to study the effects of coherence length on the diffraction pattern and covers the previous models. The diffraction 
pattern is investigated for different values of newly introduced parameter ζ “grating decoherence parameter” and 
different wavelengths of the beam. As shown for multi slits, the temporal decoherence effects appear for 1 .  
Moreover, the precise quantity “visibility of spectrum for even radiation” is introduced to study the resolution of the 
spectrum. Visibility of spectrum of the gratings is studied and the coherence length effects on the resolution power is 
analyzed numerically. This numerical processing enables us to choose the best coherence length and grating parameters 
to gain the maximum resolution power from a partial temporal coherent source. This is of practical importance for the 
temporal partial sources because it can be used to blaze the grating by adjusting the slit numbers instead of shaping 
individual grooves,  
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Introduction 
Optical gratings are Periodic systems which have very 
important applications in science and technology. Their 
potential in separating different frequencies of  light makes 
them as the most useful devices in light spectroscopy. 
Optical gratings are the well known instruments in optical 
spectroscopy of materials and light sources in both 
laboratory instruments and telescopes. Light diffraction 
from double and many slits has been the subject of many 
studies because of its importance in study of light 
properties, slits dimensions and optical measurements 
[1,2]. Technology of product and improvement of optical 
gratings is being extended using modern manufacturing 
potential of planar technologies such as lithography [3]. 
Increasing the resolution power and the brazing of the 
diffraction orders of a grating is the aim of many researches 
[4]. In this way, the light source properties and specially the 
coherence length is usually disregarded. The effect of 
temporal and spatial coherency on the diffraction from a 
few slits was the subject of some researches [5,6].  
Recently, we studied Fraunhofer diffraction from a 
single slit illuminated by a partial temporal coherent beam 
[7]. A general formula was derived to describe the intensity 
distribution of the Fresnel diffraction pattern of a slit 
aperture illuminated with partial temporal coherent light. 
The model  was generalized to the case of circular aperture  
and the effects of the coherence length on the diffraction 
pattern was investigated. In this work, this model is 
extended to the case of multi slits gratings and necessary 
considerations required in using partial temporal coherent 
sources in spectrometers are studied.     
 
Theory 
The total intensity distribution from a single slit for the 
case of  partial temporal beam is as follows [7]: 
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where b, LE and 0l  are the slit width, the amplitude unit 
width of slit at unit distance away and the coherence 
length, respectively.  
We generalize Eq.(1) to the case of N slits grating. To do 
this we take the upper bound of the integral as Na, where 
a is the slit separation. This means that Na is the 
irradiating width of the grating, see Figure (1) for more 
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information. j labeled the consecutive slits and ranges from 
1 to N, so the top and bottom edges of the j-th slit are 
aj )1(   and baj  )1( , respectively. Now we use 
numerical method to calculate the total intensity 
distribution of the grating at far field. We introduce a factor 
f as follows: 
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and we multiply the second term of Eq.(1) by the factor 
f.. As understood from definition (2), 1f account for the 
contributions of different slits and 0f , omit the 
contribution of distance between consecutive slits so that 
we account for the self and cross–product intensity 
contribution of all  the N slits.  
 
 
Figure.1. geometrics of a multi-slit grating. 
 
Results and discussion: 
In this step we compare this model with previous 
common model in the case of 0L (perfect coherency). 
Figure (2) shows the diffraction pattern for a double slit 
grating with b=0.1mm and the slit separation a=0.6 mm. A 
Nd-YAG laser beam with the wavelength of 533 nm is used 
and the diffraction pattern at the far field is observed. The 
numerical simulation of the pattern is performed using 
Equations (1) and (2) and is plotted in Figure (2). There are 
eleven ( 12 
b
a
) interference maxima inside the central 
diffraction peak as it should be. By increasing the slit 
separation, the number of interference maxima increases 
[1,2]. So in summary, good matching is seen between 
theory and experimental results which can be considered 
as a confirmation of the validity of this theory. It is worth 
mentioning that the proposed model recovers the previous 
common models in the limit of 0L . 
The effects of increasing the number of slits on the 
diffraction pattern of a monochromatic beam is plotted 
using this model in Figure (3). As it is observed and also 
expected the orders of diffraction become sharper when the 
number of slits increases.   
 
 
Figure.2. the diffraction pattern for a double-slit grating with 
b=0.1mm and the slit separation of a=0.6 mm. A Nd-YAG laser 
beam with the wavelength of 533 nm is used and r=250cm far 
field.  
 
Figure.3. Intensity distribution from multi slits with b=4 microns 
and a=8 microns with N grooves: (a) N=2 (b) N=5 (c) N=10 (d) 
N=100 (e) N=1000. ( nm533 ). 
 
Now we study the effects of partial temporal coherence 
on the multi slits diffraction patterns through changing the 
coherence length 0L . In Figure (4), the diffraction pattern 
of two slits is plotted for different values of 0L . The values 
of a, b and λ are the same as Figure (2). Numerical 
simulations show that for values of 0Lb  (single slit 
decoherence parameter [7]) more than 0.5, the effects of 
partial temporal coherence begin to appear. In Figure (5), 
the intensity distribution is plotted versus x for N=50,
ma 30 , mb 20  and nm530 . The effects of partial 
temporal decoherence shows itself for 02.0 . It is 
interesting to introduce the “grating decoherence 
parameter” as 
 
 N
     (3) 
which for 1N it reduces to single slit decoherence 
parameter. As shown for multi slits, the temporal 
decoherence effects appear for 1 or 1 . 
In Figure (6), diffraction from a grating of N=1000 
grooves is shown for different values of . As it is observed 
from numerical simulations, again for 1 , the effects of 
decoherence begins to appear. It is an interesting result 
because it is shown that for large N i.e., for gratings, the 
effects of decoherence shows itself even for long 0L  and by 
increasing N, the effects are observable for longer and 
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longer 0L . This gives a novel opportunity to adjust the 
intensity of diffraction orders in spectrometer gratings. 
 
Figure.4. Intensity distribution for a two slits grating with 
b=0.1mm, a=0.6mm and nm533 for the following cases: (a) of 
perfect temporal coherency ( 0 ). (b) 1  (c) 10 . 
 
Figure (5). Intensity distribution for a 50 grooves grating with 
ma 30 , mb 20 and nm530 for the following cases: (a) 
perfect temporal coherency 01.0 ( 5.0 ) (b) 02.0 ( 1 ). 
(c) 04.0 ( 2 ) (d) 1.0 ( 5 ) (e) 1 ( 50 ). 
 
Figure (6). Intensity distribution for a 1000 grooves grating with 
ma 8 , mb 4 and nm533 for the following cases: (a) 
perfect temporal coherency and 2.0  (b) 1 . (c) 10  (d) 
100 . 
As we know the different wavelengths are separated in 
the first and the second orders of diffraction, which is very 
important in spectroscopy. In Figure (7.a) the far-field 
diffraction pattern of a 1000 grooves grating for two close 
wavelengths has been plotted. It is obvious that in the 
central peak of diffraction the two wavelengths coincide 
with each other but in higher orders there is an observable 
separation between them so that the longer wavelength is 
deviated more. Therefore, in the case of perfect temporal 
coherence, the model recovers correctly the previous ones. 
In Figure (7.b) the far field diffraction pattern is plotted for 
this grating but for a partial temporal beam with 10 . 
As it is observed by increasing , the various diffraction 
peaks change. This is of practical importance because it can 
be used to blaze the grating by adjusting the coherence 
length instead of shaping individual grooves. 
 
 
Figure (7). Intensity distribution for a 1000 grooves grating with 
b=4 microns, a=8 microns for two wavelengths and: (a) the case of 
perfect temporal coherency ( 2.0 ) (b) 10 . 
 
Now we study the effects of partial temporal decoherence 
on the resolution power. For more convenience we start 
with two neighboring wavelengths.  
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Figure (8). Intensity distribution of the first order diffraction with 
the same grating as Figures (6) and (7) but for the two 
wavelengths and different grating decoherence parameters: (a) 
0  (b) 1  (c) 10  (d) 20 .  
 
In Figure (8), the first order diffraction is plotted for two 
neighboring wavelengths nm533 and nm536 (
)3nm . It is observed that with this wavelength 
separation, the peak of the longer wavelength is placed at 
the valley of shorter one so that it gives the best power 
resolution [1,2]. For the perfect coherence or for partial 
decoherence beam with 1 , the shape of the first order 
diffraction does not depend on the wavelength. For 1  
the shape of the first order diffraction is sensitively depend 
on the wavelength. As shown in Figures (8.c) and (8.d), the 
intensity of the peak and valley are changed and this 
directly influences the resolution power. It is a useful tool 
for the spectrometer designers to get the better resolution 
power for a given wavelength by adjusting the coherence 
length. 
 Usually the resolving power is defined as min R  
which shows the ability to produce distinct peaks for closely 
spaced wavelengths in a particular order [2]. On the other 
hand the visibility is another important quantity which 
describes the contrast of a peak from neighboring fringes 
and is usually used for fringes all with the same 
wavelength [2]. In previous models, the resolution power is 
only depends on min (the minimum wavelength interval 
of two spectral components) and the shape of the peaks are 
considered the same for different wavelengths. We have 
shown that the shape and the height of the peaks are 
sensitively depend on λ. So we need to introduce more 
accurate quantity which describes the visibility of the peak 
of min  relative to the valley of λ. We name it visibility 
of spectrum for even radiation and define it as: 
2
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Where aI and bI are the irradiance of the min   
after and before the first order diffraction peak. In Figure 
(9), R is depicted versus the wavelength, for different 
values of . As it is observed, in general by increasing , 
the visibility of spectrum decreases. In some wavelengths 
the decreasing is more. There is a certain value for the 
grating decoherence parameter  beyond that the visibility 
of spectrum is noticeably reduced. According to Equation 
(3), by reducing the value of N, one can compensate the 
effects of shortness of the coherence length so that  does 
not exceed than 1  and the visibility of spectrum 
remains unchanged.  
 
Figure (9). Effect of coherence length on R: (a) ζ= 0.1(b)1 (c)5 . 
 
In conclusion, the results of this paper can be used to 
design the spectrometers for decoherent sources with short 
coherence wavelength to increase the visibility of the 
spectrum. In this case, on the contrary of the public 
imagination, increasing the value of N, do not always lead 
to  increasing of  the visibility of the spectrum, and for short 
decoherence length, N should be decreased in order to the 
parameter  does not exceeds than one. 
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